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A Tiny Particles Wobble Could
Upend the Known Laws of Physics

Experiments with particles known as muons suggest that there
are forms of matter and energy vital to the nature and evolution of
the cosmos that are not yet known to science.

f@vl»m@

The Muon g-2 ring, at the Fermi National Accelerator Laboratory in Batavia,
the wobble of muons as they travel through the magnetic field. Reidar Hahn/

legrees Fahrenheit and studies
Energy



2
wt
W bond
e
0-.)/ ve o

Pose; M
an
/ 14
il r
Fe Meﬂf&/
' el
q//e
0\)2}'

%
v f,r.M o8

Be ?
N g ,
I N C’
weed b |
ack m
‘3o ‘.
kand 2
z£Z§



Le” ,S be /PUXSthb/QH

//?—’”l jem e ratoy

Qx/:cr.' menl at

2= Fermilab

an d bcfol‘e
we retire

3 /5 £ /0TeV




sp [TeV]

5007
400(
3007
200(
1001

0 10 20 30 40 50 60 70 80 90 100

\/E [TeV]

Fr‘o fwls

[TeV]

Curn/c:: o f

ezm:'Va/Emf‘ O

1600(
1400(
1200(
1000(
800f
600f
4007
2007

0 10 20 30 40 50 60 70 80 90 100
\/g [TeV]



Muons lave FDFE foo!
[5 2> m, >>m,

Q =10 TeV Vs =10 TeV

0.05 0.10

x

Par fon
luninosn‘/



Amibhilation vs. UBF

Logg[0ann/ovBr] for SU(2) singlet
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10 TeV @ 10ab™?

Production Decay Rate [fb] | A-€[%] | Ac/o [%]
bb 490 7.4 0.17
cc 24 1.4 1.7
37 72 37 0.19
e 53 6.5 0.54
WW*(jjév) 53 21 0.30
W fusion WW*(47) 86 49 0.49
ZZ*(40) 0.1 6.6 12
ZZ*(jjte) 2.1 8.9 2.3
727" (4)) 11 46 14
¥y 1.9 33 1.3
Z(i)y 0.9 27 2.0
ptp 0.2 37 0.37
7 fusion bb 51 8.1 0.49
WW*(45) 8.9 6.2 1.3
W-fusion tth bb 0.06 12 12

sibml oal;r selection
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Fit Result [%]

10 TeV Muon Collider | with HL-LHC | with HL-LHC + 250 GeV ete™
Kw 0.06 0.06 0.06
Kz 0.23 0.22 0.10
Ky 0.15 0.15 0.15
Ky 0.64 0.57 0.57
k2, 1.0 1.0 0.97
Ke 0.89 0.89 0.79
Kt 6.0 2.8 2.8
Kb 0.16 0.16 0.15
K 2.0 1.8 1.8
K 0.31 0.30 0.27

Y Lromepork
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k-0 |HL-LHC|LHeC|HE-LHC ILC CLIC  |CEPC|FCC-ee |[FCC-ee/| ptp~

fit S2 S2' {250 500 1000 | 380 1500 3000 240 365| eh/hh |10000
kw [%]| 1.7 |0.75 (1.4 0.98 [ 1.8 0.29 0.24{0.86 0.16 0.11| 1.3 [1.3 0.43| 0.14 | 0.06
kz [%]| 15 | 1.2 [1.3 0.9 |0.290.23 0.22]| 0.5 0.26 0.23| 0.14 |0.200.17| 0.12 | 0.23
kg (%] | 23 |36 (1.9 1.2 23097066|25 1.3 09| 1.5 [1.7 1.0| 049 | 0.15
Ky [%)| 1.9 | 76 |16 1.2 |67 3.4 1.9 |98« 50 22| 3.7 |47 39| 029 | 0.64
kzy (%) 10. — |57 3.8 |99 86x 85x [120x 15 6.9 | 8.2 |81« 75x| 0.69 | 1.0
ke [%]| - |41 |- - |25 13 09|43 1.8 14| 22 [1.8 1.3| 095 | 0.89
ke [%) | 33 | — [28 17| - 69 16| - - 27| - |- -] 10 | 6.0
Ky (%] | 36 | 2.1 (3.2 2.3 |1.8 0.58 0.48( 1.9 0.46 0.37| 1.2 [1.3 0.67| 0.43 | 0.16
Ky [%)| 46 | — |25 1.7 |15 94 6.2 (320« 13 58| 89 [10 89| 041 | 2.0
ke [%)| 1.9 | 3.3 |15 1.1 [1.9 0.70 0.57| 3.0 1.3 0.88| 1.3 |1.4 0.73| 044 | 0.31
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MIMP qubl M“He‘-
MOD‘QJS Coms:'o(e.rec\

Model Thatmal 50 discovery coverage (TeV)

(color,n,Y) target mono-y | mono-y | di-u’s | disp. tracks
(1,2,%) Dirac 1.1 TeV — 2.8 — 1.8 - 3.7e

1,3,0) Majorana | 2.8 TeV — 3.7 — 13-14

€) Dirac 2.0 TeV 0.9 4.6 — 13-14

,0) Majorana 14 TeV 3.1 7.0 3.1 10 - 14

€) Dirac 6.6 TeV 6.9 7.8 4.2 11-14

1,7,0) Majorana 23 TeV 14 8.6 6.1 8.1-12

1,7,€) Dirac 16 TeV 13 9.2 7.4 8.6 - 13

see arXivy 2009. (1227
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